Background and Purpose-The aim is to estimate the relative risk and population attributable risk (PAR) of risk factors for ischemic stroke by ethnic group. Methods-In this case-control study, cases of first ischemic stroke were taken from the South London Stroke Register and controls from a cross-sectional prevalence survey covering the same area. PAR was determined for each risk factor by ethnic group. Multivariable analysis was used to examine the association between risk factors and ischemic stroke across all ethnic groups.
T he incidence of stroke in the black population is approximately twice as high in the US black 1 and the UK black 2 populations compared with the local white populations. Differences in the frequency of risk factors for ischemic stroke may be at least partly responsible. 3 Epidemiological studies of ethnic aspects of stroke have been carried out predominantly in America. 1,4 -6 Data for the UK black population are sparse and characteristics such as risk factor profiles from one ethnic group may not be representative of another. 3 The impact of a risk factor on the population, the "population attributable risk," depends on both the prevalence and risk associated with each risk factor. We have previously demonstrated a higher prevalence of certain physiological risk factors for ischemic stroke in the UK black population 3 and in UK black stroke patients, 7 compared with their white counterparts. We do not know, however, whether this higher See Editorial Comment, page 1568 prevalence translates into higher population risk. Also, risk factors may differ between African Caribbean and black African stroke patients as has been demonstrated between these ethnic groups in the general population. 3 The aim of this study is to estimate the relative risk and population attributable risk of risk factors for ischemic stroke by ethnic group in the South London population.
Patients and Methods
Patients, registered as part of the South London Stroke Register (SLSR) with ischemic stroke between 1 January 1995 and 31 December 1999, aged 45 to 74 years were included in the study as cases. The SLSR is an ongoing population-based register that enrolls first-ever strokes. Ethical Committee approval was obtained from the Guy's & St Thomas' Ethical Committee in accordance with the Helsinki Declaration of 1975, revised in 1983. Detailed methods of patient notification and data collection have been described. 2 In brief, all first-ever strokes notified from multiple sources were registered. They were seen by a study doctor who recorded information on demographic details including age, sex, socio-economic status (using the Registrar General's Codes based on occupation), 2 and ethnic origin into white, black Caribbean, black African, black other, and other. 2 Only ischemic strokes were included, and these were identified using radiological and necropsy findings or both. 2 Data on prestroke risk factors for ischemic stroke for each case were recorded both from the hospital/General Practitioners' records and self-reported by the patient or carer. Physiological risk factors included ischemic heart disease (IHD), history of transient ischemic attack (TIA), atrial fibrillation (AF), hypertension (HT), and diabetes mellitus (DM). Behavioral risk factors included smoking, heavy alcohol intake, and obesity. Data on risk factors were collected within the first 48 hours after the event, where possible.
A previous history or evidence of AF was noted in addition to a postevent screen for AF using electrocardiography. A previous diagnosis of HT was taken from records or patient recall of high blood pressure requiring treatment (World Health Organization [WHO] classification). 8 DM was diagnosed as a record of either diet-controlled, oral hypoglycemic, or insulin-treated disease (WHO classification). 9 The patient/carer was questioned about alcohol consumption and smoking. Alcohol consumption was classified as heavy if intake was Ն14 U/week for women and Ն21 U/week for men. 10 Smokers were defined as those who had previously smoked either 1 cigarette per day, 1 cigar per week, or 1 ounce of tobacco per month for the duration of 12 months. The quantity of cigarettes smoked was expressed as cigarette pack years (CPY). Waist and hip circumference were measured and a waist to hip ratio (WHR) was determined. Obesity was defined as WHR Ͼ0.98 for men and Ͼ0.88 for women. 11 The control group was taken from a cross-sectional prevalence survey conducted in the same population between 1996 and 1997, full details of which have been published. 3 In brief, a postal questionnaire with questions on age, sex, occupation (for socioeconomic status, Registrar General's Classification), and ethnic group (1991 Census question) was sent to 8183 residents aged 45 to 74 years. They were identified from the Family Health Services Authority (FHSA) lists of 16 general practices with the highest proportions of black residents. The responders were stratified by their self-defined ethnic group into white, black Caribbean, and black African. A random sample of 450 subjects in the black Caribbean and white groups were selected and, together with all 193 black African respondents, invited for examination.
A lifestyle questionnaire was administered to controls examining the same risk factors as for cases. Measurement of blood pressure, WHR as a measure of obesity, and recording of an ECG were undertaken at attendance for the interview.
Statistical Methods
As the control groups were selected on the basis of ethnicity, all univariate analysis was stratified by ethnicity. Univariate analyses of the association between patient demographics and case-control status were performed using 2 test for each ethnic group. Logistic regression, adjusting for age, sex, and socioeconomic status, was used to determine odds ratios (with confidence intervals) for the association between each risk factor and case-control status within ethnic groups.
Population attributable risk (PAR) was calculated for each risk factor by ethnic group adjusting for age, sex, and social class using the method of Greenland and Drescher as described in the Stata technical bulletin STB42. 12 Stata software allows estimation of the PAR from within a logistic regression framework and allows estimation of the summary PARs for a set of exposures. 12 PAR measures the proportion of the disease risk in the total population associated with the exposure to that risk factor using Levin's Formula. 13 Levin's approximation to the PAR assumes that the prevalence of the disease is sufficiently low, so that the proportion with the risk factor in controls is very close to the proportion in the underlying population. 14 Unconditional multiple logistic regression was used to determine the odds ratios for each risk factor and case-control status adjusting for age, sex, socio-economic status, and all other risk factors. All ethnic groups were included in this model, but the effect of ethnicity on stroke risk could not be examined because of the sampling frame.
Results
The study included 664 cases of whom 520 (78%) were white, 105 (16%) black Caribbean, and 39 (6%) black African, and 716 controls of whom 300 (42%) were white, 311 (43%) black Caribbean, and 105 (15%) black African. Table 1 shows characteristics for the 2 groups. Cases were significantly older than controls for all ethnic groups (PϽ0.001). Cases were more likely than controls to be men (Pϭ0.006 for white; Pϭ0.02 for black Caribbean and African). Socio-economic status differed in the black Caribbean group with significantly fewer manual workers in cases (59% versus 78%; PϽ0.001). Table 2 shows proportions of risk factors by ethnicity and case-control status. IHD, AF, and smoking are more prevalent in white cases (29%, 20%, and 46%, respectively) compared with other ethnic groups (20%, 10%, and 27% for black Caribbean, respectively; and 22%, 12%, and 26% for black African cases, respectively). HT is more common in black Caribbean and more so in black African cases (52%, 72%, and 76% for white, black Caribbean, and black African cases, respectively). DM is most prevalent in black Caribbean cases (45%; 16% for white cases; and 19% black African cases).
The Figure shows the PAR for each risk factor by ethnic group. For the white group, high PAR was found for evidence of IHD on ECG (56%), obesity (49%), HT (38%), smoking (31%), TIA (23%), and AF (16%). For the black Caribbean group PAR was higher for HT (46%) and DM (29%) and lower for AF (10%) and current smoking (18%) compared with the white group. PAR for IHD on ECG was higher than in the white group (66%) despite a similar PAR for a history of IHD (10% in both groups). In the black African group, HT had a higher PAR (59%) than the other ethnic groups. The PAR for AF (11%) was lower than in the white group, but similar to the black Caribbean group. Also lower was the PAR for obesity (30%) and DM (4%). Table 3 shows that risk factors independently associated with ischemic stroke include (in decreasing order of risk) TIA, AF, IHD on ECG, current smoking, excess alcohol, obesity, HT, and DM. Table 4 shows that ex-smoking is associated with a risk reduction of 0.97 in the white groups (Pϭ0.04), but not in black Caribbean or African groups. No cut off time-period, when the risk of stroke equates to that of nonsmokers, could be demonstrated.
White, but not black Caribbean and African, subjects were at higher risk of stroke at greater CPY smoked. Further analysis found the odds ratio to be 3.4 for those with Ͼ100 Odds ratios and P are adjusted for differences in age, sex, and socioeconomic status.
CPY years and 19.4 for those with Ͼ200 CPY (PϽ0.001) compared with nonsmokers.
The risk of stroke from heavy alcohol intake increased markedly at alcohol levels Ͼ45 U per week with an odds ratio of stroke of 7.72 (95% CI, 3.70 to 16.11; PϽ0.001).
Discussion
This study has shown that overall the presence of obesity and HT are associated with the highest population risk of stroke. The presence of ischemic ECG changes are also highly associated with stroke, but less so with a history of IHD. The greatest ethnic differences were in the PAR from HT. Other risk factors varied less between ethnic groups. AF is an important population risk factor in the white group and DM in the black Caribbean group. The population risk from smoking is less in the black Caribbean and African groups compared with the white group.
Study Design
This is a case-control study with substantial numbers in all of the study groups, although numbers of black African cases were insufficient for in-depth analysis of some risk factors. Only subjects aged 45 to 74 years were included in the study, in keeping with aims to reduce the years of life lost by any disease. One limitation of this age range is that it will have excluded stroke cases, as the mean age for stroke in this population is 71.3 years (SD 14.4). 2 Cases were of higher mean age and had a higher frequency of males compared with controls, as would be expected.
On retrospective comparison of the age-sex distributions with the source population (adjusted 1991 Census data), it was found that the white female age group 65 to 74 and the black male age group 45 to 54 were undersampled. The prevalence of risk factors in white controls was, therefore, adjusted to the age-sex distribution of the source population (adjusted 1991 Census data). These adjusted prevalence figures were found to be very similar to the unadjusted prevalence figure used here for all risk factors. Thus, it appears that the under-sampling of control subjects identified here should not have a large effect on the results. Separate figures for black Caribbean and African groups, however, were not available for similar analyses.
The black Caribbean control group had a higher proportion of subjects with lower socio-economic status than the stroke group. This is likely to be because of the selection process, whereby controls were selected from practices with the highest ethnic mix. This may have inadvertently selected more deprived areas. However, these differences in demographics were adjusted for in subsequent analyses.
PAR estimates the proportion of disease incidence due to a particular exposure and assumes that the exposure is causally related to the disease. PAR will increase as the population prevalence and the relative risk of the exposure increases or both. Negative PAR and large and negative confidence intervals are seen, particularly in the black African group, as a result of the small proportion of subjects with these risk factors in this small group. This should be taken into account during interpretation of the data.
A limitation of the study is the low response rate to the initial questionnaire for controls (45%), which is a feature of sampling-deprived inner-city general practices. 3 It may have overestimated the prevalence of risk factors if people with health problems were more likely to respond to an invitation for examination. The use of FHSA lists as a sampling frame for controls may have introduced selection bias caused by problems with incompleteness, wrong addresses and dates of birth, deceased patients, etc. In addition, these problems may all differ between the ethnic groups. However, these problems are unlikely to have had a major effect on the results, as a study in a neighboring district 15 with a response rate of 65% found comparable prevalence of risk factors in these ethnic groups. Their higher response rate was probably a result of sampling practices with computerized age-sex registers, which were likely to reflect practices catering to higher social class patients.
Risk Factors for Ischemic Stroke
Physiological HT was significantly associated with stroke in keeping with previous studies. 6, 16 Ethnic differences were demonstrated in the PAR for HT with values of 38% for white, 46% for black Caribbean, and 59% for black African Odds ratios and 95% CI for the effect of giving up smoking, cigarette dose effect, and alcohol dose effect on the risk of ischaemic stroke, adjusted for sex and socio-economic status. For cigarette dose effect, smokers of 0 -49 and Ն50 cigarette pack years (CPY) have been compared with current nonsmokers. Alcohol dose strata have been compared with total abstainers from alcohol.
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subjects. Previous studies found a higher prevalence of HT in UK black stroke patients 7 and in UK and US black populations. 16, 17, 18 This may be, at least partly, because of differences in the definitions used for HT. To our knowledge, there are no previous European data examining differences between black African and black Caribbean stroke patients for comparison. Black African subjects had the highest prevalence of HT in this study (76% versus 72% for black Caribbeans and 53% for whites; figures given are for cases). US black hypertensives have been found to have higher BP than white hypertensives. 17, 18 In this study, DM was a greater risk in black Caribbean subjects, with more than a 2-fold difference over white and black African groups. These findings are in accordance with the higher prevalence of HbA1c above 6% found in black Caribbean groups in the same population. 3 Other studies have found high proportions of DM in black Caribbean populations in the UK 15 and in the Caribbean. 19 The black Caribbean and African groups had low PAR from AF at 10% to 11% compared with 16% in the white group, in line with previous findings in US black stroke patients. 6, 20 
Behavioral Risk Factors
We have previously shown that UK black stroke patients have a lower prevalence of smoking and heavy alcohol intake. 7 This study further investigated this difference between black ethnic groups and both dose-response effects and the effect of smoking cessation.
In multivariable analysis, current smoking was an independent risk factor and its PAR differed between ethnic groups. Previous studies have similarly shown lower levels of smoking in the black general population 3, 15 and stroke patients. 7 This is in contrast to US blacks, shown to have a higher prevalence of smoking, 17 despite smoking fewer cigarettes per day. 21 A positive dose-effect of cigarette smoking on stroke was found overall, but when analyzed by ethnic group, the dose-effect seemed to exist only in the white group. Exsmoking was not associated with stroke in multivariable analysis. Further analysis showed that ex-smoking was also significant only in the white group. This is unlikely to be because of small numbers in the black groups, as analysis of the total sample did not give significant results either.
Overall, heavy alcohol intake was not an important risk factor for stroke in any ethnic group in agreement with previous studies. 16 However, examination of the dose effect of heavy alcohol intake shows that the risk rises sharply once weekly intake exceeds 45 U.
Alcohol intake has been reported to be higher in US black stroke patients 20 but lower in UK black stroke patients compared with their white counterparts. 7 The PAR was higher for the black African compared with white and black Caribbean groups. This is likely to be because of small numbers, as the prevalence of heavy alcohol intake for black African cases was lower than that of white cases (17% versus 23%).
Obesity was independently associated with a higher risk of stroke, in agreement with previous studies. 8 This study has demonstrated similar PAR for WHR between the different ethnic groups.
Conclusion
In the first European case-control study examining risk factor differences for the UK black Caribbean and African populations, some differences have been demonstrated in the risks and impact of risk factors for ischemic stroke between the different ethnic groups. The treatment of stroke rests largely in the domain of primary and secondary prevention. This study helps us to further understand which risk factors should be targeted to maximize the reduction in stroke risk according to the patients' ethnic group. It also clarifies issues about behavioral risk factors such as the dose effects of smoking and alcohol intake and ethnic differences in these.
We are only now beginning to understand that different risk factors have different effects on the risk of disease according to other factors, such as the patients' ethnic background. With this in mind, prevention programs specific for the patients' ethnic background may be more relevant. For example, in a black Caribbean subject, optimum control of hypertension and diabetes mellitus may be more important than measures to stop smoking. Further work in this area is now needed to complete the picture of risk factors, modifiable and nonmodifiable, for ischemic stroke.
